Introduction Rates of maternal, newborn and child (MNCH) mortality and morbidity are vastly greater in low-than in high-income countries and represent a major source of global health inequity. A host of systemic, economic, geopolitical and sociocultural factors have been implicated. Mobile information and communication technologies hold potential to ameliorate several of these challenges by supporting coordinated and evidence-based care, facilitating community based health services and enabling citizens to access health information and support. mHealth has attracted considerable attention as a means of supporting maternal, newborn and child health in developing countries and research to assess the impacts of mHealth interventions is increasing. While a number of expert reviews have attempted to summarise this literature, there remains a need for a fully systematic review employing gold standard methods of evidence capture, critical appraisal and meta-analysis, in order to comprehensively map, quality assess and synthesise this body of knowledge.
Although the area of mHealth is relatively young, it has attracted considerable attention from, and investment by, donors, the private sector and development agencies as a means of alleviating a range of global health challenges. Among them, maternal, newborn and child health are key priorities, along with the monitoring and management of HIV and other infectious diseases. International collaborations such as the mHealth Alliance and development agencies like USAID are increasingly documenting experiences of mHealth implementation projects in this area, one of the best known being MAMA (Mobile Alliance for Maternal Action), a patient messaging system that has been implemented in several LMIC [12, 13] While the significance of mHealth is understood, evidence of its potential value and impact on maternal, newborn and child health is less clear. Intermediate outcomes, such as improved antenatal attendance through the use of SMS appointment reminders [14] , are increasingly being reported, although evidence of impacts on maternal and child mortality and morbidity rates is rarer [15] . Significantly, the recent World Health Organisation guideline on postnatal care of the mother and newborn identifies a need to evaluate the potential role of mHealth in improving patient outcomes [16] .
To date, the majority of mHealth implementation projects in LMIC have tended to be small-scale, donor-funded initiatives, which have taken place without the benefit of an adequate evidence-base, and have not themselves been configured with research in mind. However the area is beginning to attract greater research attention and funding, with a growing body of studies examining the appropriate design of mHealth interventions for patients and professionals, their impacts on the processes and outcomes of care, and the barriers and facilitators to scaling up [14, 15] . Challenges include the difficulties of undertaking rigorous trials in projects driven by development or policy goals, attributing cause and effect where both interventions and the environments in which they are delivered are complex, and designing and targeting interventions for greatest impact. For example, a recent trial of text-messaging to encourage attendance at antenatal care suggested improved uptake of preventive care services but the authors acknowledge that randomisation at the level of health facilities rather than individual patients may have failed to capture women at earlier stages of pregnancy, for whom community-based recruitment might have been more appropriate [11] . Reviewers such as Tomlinson et al have also stressed the importance of adapting tools to suit the context and culture of care in order to optimise their likely impacts [15] .
A number of systematic reviews on the topic of mHealth exist but these are not ideally suited to establishing impacts on MCNH outcomes in LMIC, in some cases due to the absence of certain databases likely to capture research from these regions [17, 18] or because they are concerned more with methodological and process issues than patient outNowhere are global inequalities more starkly evident than in maternal, newborn and child health. For every 100 000 births in low income countries around 240 women die, compared with only 16 in high income countries, while a child is approximately 18 times more likely to die before the age of five years [1] . Although considerable progress has been made in meeting Millennium Development Goals 4 and 5 there remains a substantial gap between these aspirations and reality [2] .
Preventable birth complications such as haemorrhage, obstructed labour and infection, which are exacerbated by poor pre-and post-natal care, account for a substantial proportion of these deaths [3, 4] . These complications can also result in significant long-term health consequences for mothers, such as obstetric fistula, uterine prolapse, incontinence, depression, chronic infections and infertility, as well as mental or physical disability in their offspring [5, 6] .
While pathogens clearly play an important role, this excessive mortality and morbidity has been attributed largely to endemic failures in health and social care systems in low and middle income countries (LMIC) [3] , set against a context of societal challenges such as lack of education and knowledge, delays in help seeking and poor nutrition. These factors are often exacerbated by gender discrimination, ethnic and religious division, and a lack of a social and political voice, as well as the more obvious economic and demographic barriers [2, 7, 8] .
The problems described above have been compounded by historically weak information systems and poorly integrated infrastructures in LMIC [9] . However, the increasing penetration of mobile networks into these regions is opening up new opportunities to enable coordinated, accessible, safe, effective and citizen-centric health care. mHealth, or mobile health, refers to the use of wireless, portable information and communication technologies (ICT) to support health and health care [10] . The concept of mHealth remains somewhat poorly defined in the literature, although useful taxonomies are beginning to emerge [11] . It may be thought of as involving various devices such as cell-and smart-phones, personal digital assistants, tablet computers, laptops and digital point-of-care testing devices, delivery modes such as voice, text, images, or video, and applications such as public health messaging, personalised behaviour change interventions, workflow management, health surveillance, access to patient records, clinical decision support, education, diagnostics and remote care provision. Thus mHealth solutions may be configured to support patients, professionals and health systems. Although mHealth has attributes in common with 'telemedicine' and 'telehealth' (enabling care at a distance) and other areas of 'health informatics' (eg, via digital records) the term is reserved exclusively for mobile and wireless digital tools and interventions.
comes [19] . The majority of secondary literature specific to mHealth for MCNH in LMIC consists of broad expert reviews summarising activities and aspirations and descriptive case studies illustrating how mobile technologies are being used to support the strengthening of health systems [20] [21] [22] . Although these provide valuable insights, many are vision-driven rather than evidence-seeking and the influence of the mobile telecommunications industry can be hard to disentangle. A project to map the state of the evidence on mHealth and MCNH was recently undertaken by Philbrick for the mHealth Alliance [22] . This converged a literature review with a landscape scan of existing projects and interviews with key respondents to provide a breakdown of studies in this area, their limitations and their implications for research and policy. While the report is useful, the mixed-methods 'gap analysis' exercise was not configured as a formal systematic review and is thus likely to have missed important sources of evidence and steps in the critical appraisal of study methodology, which would be expected in a classic systematic review. Two other quasisystematic literature reviews addressed the topic using basic search terms and a subset of six databases [23, 24] . A systematic review project selected for funding by the Alliance for Health Policy and Systems Research in 2011 [25] remains unpublished, as is the case for a systematic review undertaken for a Master' s degree project at the University of Edinburgh, which focused only on SMS messaging for prenatal care [26] . We are therefore confident that there is a clear need for a new systematic review employing gold standard methods of evidence capture, critical appraisal and meta-analysis, in order to comprehensively map, quality assess and synthesize existing evidence of the impact of mobile technology-enabled interventions on maternal, newborn and child health in low and middle income countries. The current study will follow the rigorous methods advocated by the International Cochrane Collaboration in order to achieve these aims and the findings will be interpreted with reference to relevant theoretical and policy perspectives, in order to derive recommendations for research and practice. In this protocol we describe the steps that are planned in order to undertake this systematic review.
DESIGN
This is the protocol for a systematic review and meta-analysis of the literature.
AIMS AND OBJECTIVES
To undertake a systematic review and meta-analysis of studies evaluating the impacts of mobile technology-enabled interventions designed to support maternal, newborn and child health in low-and middle-income countries.
INCLUSION AND EXCLUSION CRITERIA

Included interventions
We are interested in any intervention delivered using mobile ICT, which is designed to support the health of pregnant women and their unborn children, women during and after childbirth, newborns, infants and children up to five years and the national, state, city, or community level in an LMIC setting.
Mobile ICT refers to portable, wireless digital devices usually (although not exclusively) supported by networked mobile or satellite communications infrastructures, such as cell-phones, smart-phones, satellite phones, personal digital assistants, enterprise digital assistants, tablet computers, laptops, portable media players and gaming consoles, Radio Frequency Identification Device (RFID) tags, Global Positioning System (GPS) trackers and digital diagnostic devices [27] . mHealth interventions involve a range of delivery modes such as voice calling, Voice over Internet Protocol (VoIP), text messaging via Short Message Service (SMS), transfer of still or moving images via Multimedia Message Service (MMS), multimedia downloads, or live video [17] . Within the scope of this review we include all applications of these technologies for directly supporting MCNH patients -such as public health messaging, personalised behaviour change communications, self-care information and remote care provision, as well as interventions designed to enable trained or lay health workers to provide better care to patients -such as electronic medical records or care plans for supporting individualised care; decision support tools for informing screening or intervention decisions, workflow planning applications, clinical documentation tools, global positioning tools for patient tracking and portable point-of-care testing devices able to transmit data via mobile phone or satellite networks.
Included study types
The following study designs will be potentially eligible for inclusion:
• Randomised controlled trials (RCTs, quasi-RCTs, Controlled Clinical Trials -CCTs). Study designs included by The Cochrane Effectiveness Practice and Organisational Care (EPOC) group -(controlled before-and-after studies, interrupted time series studies), • Cohort and case-control studies.
Types of participants included
The following types of participant will be potentially eligible for inclusion:
• Pregnant women, • Women in ante-natal, intra-natal and postnatal periods, • Newborns,
• Children aged 0-5 years, • Health workers through which an intervention aimed at improving the health of the above groups is mediated.
Excluded interventions
This review will exclude interventions focused on reproductive health (eg, promotion of HPV vaccination), sexual health (eg, domestic violence reporting) or sexually transmitted diseases (eg, antiretroviral treatment (ART) compliance reminders), unless pregnant women or mothers of newborns or children 0-5 years are specifically targeted (many pregnant women in LMIC have HIV).
mHealth interventions aimed at managerial or financial aspects of health systems (such as stock control or accounting) will not be included in this review.
Studies describing physically 'mobile' clinics or services will be excluded unless mobile ICT is a fundamental medium through which the service is delivered.
Excluded study types
The following study types will be excluded:
• Studies undertaken in high income countries, • Expert opinion, • Descriptive case studies and case series, • Technical reports and reviews.
Types of participants excluded
The following types of participants will be excluded: 
Types of comparisons
Included studies will be those comparing the mHealth intervention with usual care, another intervention or a nonexposed control group.
Types of outcome measures
The following outcome measures will be included:
• Primary outcomes: all outcome measures indicative of maternal mortality; maternal morbidity; newborn and child mortality; newborn and child morbidity, • Secondary outcomes: number of planned antenatal and post natal visits; number of unscheduled care visits and emergency care incidents; quality of life; quality of care (delivery by skilled birth attendants, appropriate use of evidence-based medical and obstetric interventions where available); self-efficacy; cost-effectiveness; immunisation cover; child developmental milestones and mHealth intervention-related adverse events.
SEARCH METHODS
Eligible study reports will be identified from the following sources:
• The search strategy is presented in detail in Tables 1 and 2 • Language: none (for foreign language papers translations will be sought) • Countries identified as low or medium income according to the United Nations Human Development Report released in March 2013 [28] . We are aware that the position of countries in such indices changes over time and will note the date of the articles. We will also include articles referred to using the generic terms used by other authors to describe LMIC (eg, developing country, emerging economy) [29, 30] .
STUDY SELECTION
Each author will be assigned one or more databases to search using an appropriately adapted version of the strategy described above (mindful of database differences). Retrieved titles and abstracts will be collated and distributed to pairs of authors for independent screening in order to identify potentially eligible studies. Disagreement will be resolved by consensus, or arbitration involving a third author where necessary. Full text articles will be retrieved for selected studies, and two authors will assess whether each of these meets the set inclusion criteria. Disagreement will be resolved by discussion amongst reviewers, with referral to a third author if necessary. Reasons for exclusion of studies will be noted. All authors will discuss and agree the refined list of included studies.
QUALITY ASSESSMENT AND ANALYSIS
The assessment and documentation of the methodological quality of included controlled trials will follow the Cochrane approach using the methods detailed in section eight of the Cochrane Handbook for Systematic Reviews of
Interventions [31] . Intervention studies will be assessed using the Cochrane Effectiveness and Practice Organisation of Care (EPOC) guidelines [32, 33] . The following seven parameters will be used to assess trial quality: random sequence generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessment; incomplete outcome data; selective reporting; and other biases. Each parameter of trial quality will be graded: A -low risk of bias; B -moderate risk of bias; C -high risk of bias and an overall assessment for each controlled trial using the same three criteria will be made. Observational studies will be similarly assessed using the Effective Public Health Practice Project (EPHPP) quality assessment tool for quantitative studies [34] . Reviewers will not be masked to study details. Agreement of reviewers on methodological quality assessment will be assessed and disagreements will be resolved by discussion.
All assessments of study quality will be performed by at least two reviewers (UN, CP) with any disagreement resolved by consensus, or arbitration via a separate reviewer where necessary.
DATA EXTRACTION
Two reviewers will independently extract data using customised data extraction forms. The following information will be extracted:
• Author and year, • National affiliation of author and funding source, • Country in which the study took place, • Study design, • Healthcare setting, • Target users, • Type of mHealth intervention -device; delivery mode; application type; stated purpose of intervention; theoretical basis if specified, • Range of outcome measures described -maternal mortality and morbidity, newborn and child mortality and dition, will undertake appropriate sensitivity analyses to address the different scenarios of missingness to be observed by making appropriate assumptions of each missing scenario. Finally, we will provide relevant discussion of the influence of missing data on the observed findings.
Where the number of included studies per outcome is sufficient, publication bias will be assessed visually through Funnel plots and tested by Egger' s regression test [35] and Begg' s rank correlation test [36] .
ETHICS AND DISSEMINATION
Ethical issues
As only previously published studies are included and reported in the review, no additional formal ethical assessment and no informed consent is required.
Publication plan
The systematic review protocol is registered with the International Prospective Register of Systematic Reviews (PROS-PERO) CRD42014008939 (http://www.crd.york.ac.uk/prospero). Findings will be summarised in a single manuscript. • Key findings from each included study will be summarised and tabulated.
DATA ANALYSIS
Data will be presented in tabular and narrative form. Where possible, meta-analyses will be performed on methodologically comparable studies (comparable particularly with regards to the study design, type of ICT and endpoint measures studied and assessment methods of these) reporting main, primary, and secondary outcomes. The meta-analysis results will be presented in forest plots. The choice of statistical tests will depend on the nature of the outcome variable. Application of either a fixed effect or random effects model will be dependent on the degree of heterogeneity. Heterogeneity will be assessed both qualitatively and quantitatively using I 2 statistic. Where possible, adjusted effect estimates will be pooled in meta-analyses using generic inverse-variance analysis. Point estimates and 95% confidence intervals will be reported for all analyses. Sensitivity analyses will be performed in subgroups of study quality and of design characteristics (eg, randomised vs non-randomised; prospective vs retrospective). Where relevant data are missing, we will contact authors to request these. In ad-
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